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Abstract 
Agro-chemicals significantly improve quality and crop yield in agriculture and plant production however excessive 
use of these agro-chemicals will cause severe environmental problems and health conditions in the following years. 
Furthermore, solid organic wastes and residues have become environmental concerns due to rapid development of 
industry and population growth. Therefore, vermicompost (worm manure) manure might have a key position 
among organic-based alternative products that might improve sustainable and organic agriculture models and 
replace chemical fertilizers as well as pesticides. Production and use of vermicompost (worm manure) might be 
an effective option for solving this problem.   
Electric energy is the most commonly used for production of vermicompost. The location of vermicompost 
production facility must be illuminated at all times. In dark places, the worms move on top of the organic substance 
and the worms dry and die there. Thus, the production facility must have electricity at all times. This energy might 
be supplied with solar panel systems. This method will make production of manures more cost-effective. 
In order for a four-unit vermicompost production facility with 15.9 m length to operate effectively, a solar panel 
such as 4 kWh, which is larger than the calculated 3.23 kWh, is needed. Sufficient amount of energy cannot be 
generated with the system due to reasons such as dirty panel glasses, adverse weather conditions such as cloudiness 
and rain, indirect sunrays in the morning and evening and losses. This is why an energy system greater than the 
energy demand must be preferred. Energy remaining from the system can be stored in batteries and used later. 
Furthermore, remaining energy might be used for covering other needs of the vermicompost facility and this will 
reduce energy costs of the facility.  
In Turkey, solar panels might be used in every region to supply sufficient electric power. Vermicompost facilities 
established for this purpose must be lighted at all times and this shows that use of solar panel system will be 
suitable for production. A material portion of electricity demand in the production facility can be supplied with 
green energy and fertilizer production will be more cost effective. 
 
Keywords: Vermicompost (worm manure), Vermicompost (worm manure) production facility, Solar panel, Solar energy, 
Electric energy 
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Özet 
 
TaUÕPVaO �UeWiPiQ biWkiVeO �UeWiP iOe iOgiOi kÕVPÕQda, kaOiWeOi ve \eWeUOi YeUiP eOde eWPek aPacÕ\Oa agro-kimyasal 
PaddeOeUiQ aúÕUÕ kXOOaQÕPÕ sonucunda zamanla önemli çevre Ye Va÷OÕk VRUXQOaUÕQÕQ Pe\daQa geOPeViQe neden 
ROPXúWXU. A\UÕca hÕ]OÕ eQd�VWUi\eO geOiúPe Ye Q�fXV aUWÕúÕ iOe kaWÕ RUgaQik aWÕk Ye aUWÕkOaUda oeYUe VRUXQX ROaUak 
RUWa\a oÕkPÕúWÕU. BX QedeQOe V�Ud�U�OebiOiU Ye RUgaQik WaUÕP PRdeOOeUiQi geOiúWiUeUek, kiP\aVaO g�bUe Ye 
SeVWiViWOeUiQ \eUiQi aOabiOecek, RUgaQik ba]OÕ aOWeUQaWif �U�QOeU ioeUiViQde YeUPikRPSRVW (VROXcaQ) g�bUeVi |QePOi 
biU \eU aOabiOiU. BX VRUXQOaUÕQ o|]�P�Qde YeUPikRPSRVW (VROXcaQ) g�bUeViQiQ �UeWiPi Ye kXOOaQÕPÕ eWkiOi ROabilir.  
VeUPikRPSRVW g�bUeViQiQ �UeWiPi VÕUaVÕQda, eOekWUik eQeUjiVi kXOOaQÕOPakWadÕU. VeUPikRPSRVW �UeWiP WeViViQiQ 
bXOXQdX÷X RUWaPÕQÕQ V�UekOi ROaUak a\dÕQOaWÕOPaVÕ geUekPekWediU. ZiUa kaUaQOÕk RUWaPda VROXcaQOaU, RUgaQik 
PaddeQiQ �VW�Qe oÕkPakWa Ye bXUada kuruyarak ölmektedirler. Bu nedenle, üretim tesisinde elektrik hiç 
kesilmemelidir. BX �UeWiP PaOi\eWOeUiQi aUWWÕUPakWadÕU. BXQX a]aOWPaQÕQ \ROOaUÕQdaQ biUi eOekWUik eQeUjiVi \eUiQe 
g�Qeú paneO ViVWePOeUiQiQ kXOOaQÕOPaVÕdÕU.  
Her bir gübre üretim ünitesiniQ X]XQOX÷X 15.9 P ROaQ, d|UW �QiWeOi biU YeUPikRPSRVW �UeWiP WeViViQiQ YeUiPOi biU 
úekiOde oaOÕúabiOPeVi ioiQ, heVaSOaQaQ 3.23 kWh¶WeQ daha b�\�k 4 kWh gibi biU g�Qeú SaQeOi ViVWePiQe ihWi\ao 
YaUdÕU. PaQeO caPOaUÕQÕQ kiUOeQPeVi, bXOXWOXOXk Ye \a÷Õú gibi ROXPVX] haYa kRúXOOaUÕ, g�Qeú ÕúÕQOaUÕQÕQ Vabah Ye 
akúaP dik geOPePeVi Ye ka\ÕSOaU gibi QedeQOeUOe, ViVWePde \eWeUi kadaU eQeUji �UeWiOPe]. BX QedeQOe, ihWi\aoWaQ 
daha b�\�k biU eQeUji ViVWePi WeUcih ediOPeOidiU. SiVWePdeQ aUWaQ eQeUji daha VRQUa kXOOaQÕOPak üzere, akülerde 
deSR ediOebiOiU. A\QÕ ]aPaQda fa]Oa eQeUji YeUPikRPSRVW iúOeWPeViQiQ di÷eU ihWi\aoOaUÕQda kXOOaQÕOaUak, iúOeWPeQiQ 
eQeUji gideUOeUiQi a]aOWÕU.  
G�Qeú SaQeOOeUi, T�Uki\e kRúXOOaUÕQda heU b|Ogede kXOOaQÕOaUak \eWeUOi eOekWUik eQeUjiVi �UeWebilir. Bu amaçla 
kXUXOaQ YeUPikRPSRVW WeViVOeUiQde |]eOOikOe a\dÕQOaWPaQÕQ V�UekOi ROPaVÕ ]RUXQOXOX÷X, �UeWiPde g�Qeú SaQeOi 
ViVWePiQiQ kXOOaQÕPÕQÕQ X\gXQ ROaca÷ÕQÕ g|VWeUPekWediU. hUeWiP WeViViQiQ eOekWUik ihWi\acÕQÕQ |QePOi biU kÕVPÕQÕQ, 
\eúiO eQeUji iOe kaUúÕOaQPaVÕ iOe g�bUeQiQ �UeWiPi daha ekRQRPik ROXU. 
 
Anahtar Kelimeler: Vermikompost (solucan gübresi), Vermikompost (solucan gübresi) üretim tesisi, G�Qeú SaQeOi, G�Qeú 
enerjisi, Elektrik enerjisi 
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1. Introduction  

Use of chemical fertilizers and pesticides for agricultural production after the World War II increased product 
quality and crop yield in a short time and this increase is known as the ³GUeeQ ReYROXWiRQ´ (Schman and Simpson, 
1977). Extensive use of the agro-chemicals caused certain environmental problems and health conditions. We 
started to experience these effects in the 1970s. Residues of chemical fertilizers found in underground and surface 
waters and contamination of drinking and tap waters became alarming problems in those years (Barier-Anderson 
and Anderson, 2000). 

Residues and accumulations on the products produced with excessive use of chemicals in agriculture are 
considered as problematic by consumers and for export of vegetables. Thus, use of chemicals in agricultural 
production must be restricted; healthier and safer food production must be ensured. In this way, we should prevent 
return of these toxic substances back to the humans and other living creatures through the food chain (Saber, 2001; 
Broun and Supkoff, 1994;  dakPakoÕ et al., 2005; KiWiú, 2012). 

This is why the agro-chemicals must be used today responsibly and according to the suggestions so that we 
can assure sustainable agricultural production and protect human health and environment. Related actions must be 
taken and use of agro-chemicals must be restricted as much as possible (Özkan et al., 2003; Delen et al., 2005).  

Our focus shifted to design of sustainable and organic agricultural models and development of organic-based 
alternative products that can replace chemical fertilizers and pesticides. Besides plant nutrition aspect of aerobic 
compost products, namely their capacity to repress soil-based plant pathogens, was discovered (Hoitink et al., 
1975; Hadar, 1991). 

Studies on compost concluded that vermicompost, worm (mesophilic) compost method, has properties superior 
to aerobic compost in terms of collecting urban and industrial organic wastes and in terms of product and 
processing (Dominguez et al., 1997). 

The production process of vermicompost fertilizer confirmed that worms have the capacity to transform 
organic wastes and residues into high quality and valuable products in a very short time. Thus, it led to the 
emergence of a new form of agricultural production called vermiculture in many countries. Vermiculture can be 
defined as lumbricus terrestris culture Pade fRU a QXPbeU Rf SXUSRVeV (ùiPúek-EUúahiQ, 2007; EkeU, 2016). 

In case of worm manure or vermicompost, composting process of organic wastes or residues is completed by 
worms. In this process, organic wastes and residues are fermented by the microorganisms present in the 
environment. When passing through the digestive system of worms, an accelerated humidification and 
detoxification process takes place. Coelom fluid in the digestive tract of worms has the capacity to transform all 
inorganic materials into organic forms (Tutar, 2013). 

Worm manure significantly increases aggregate stability in loamy soils (AkWaú and Yüksel, 2020). Microbial 
activity of worm manure is 10 to 20 times more than the soil. This high level of microbial diversity enables 
production of chemicals that improve plant growth (hormones and other compounds) as well as enzymes and a 
range of compounds that suppress growth of harmful plant pathogens (Logsdon, 1994). 

Nutritional elements wrapped with worn mucus and contained in vermicompost fertilizer are dissolved slowly 
and they are in a form ready to be used by the plants instantly. Since these nutritional elements are dissolved 
slowly, they will not be washed out in the soil and nutritional value will not be lost. Furthermore, worm manure 
has a porous structure and this makes it a great soil improver thanks to its high air balancing and water retention 
capacity. If used as mulch in the soil, nutritional elements will directly reach to the plant roots through irrigation 
(Anonymous, 1992). 

Today, vermicompost offers the highest economic benefits out of all methods supporting sustainable 
agriculture. This method might be extensively used for repurposing solid organic wastes and residues which have 
become alarming environment concerns due to rapid development of industry and population growth. The 
vermicompost fertilizer, if produced correctly and properly, will be a bio-fertilizer and bio-pesticide with very high 
commercial value (ùiPúek-EUúahiQ, 2007). 



Y�ksel T�rkboylarÕ & Yüksel  
Use of solar panel system in vermicompost (worm manure) production facilities as source of energy 

   
 

94 

The purpose of this study is to focus on the use of renewable energy sources in agriculture. Especially it is of 
interest to us to examine the energy needs of a vermicompost production facility from renewable energy sources 
(generating electrical energy with solar panels). 

2. Materials and Methods 

2.1. Vermicompost production facility 

In this study, vermicompost production facility was used for tests (Figure 1). Length of a worm manure 
production facility starts with 15.9 meters and it is available in any desired length; 20-30-50 meters (Figure 1). Its 
width and height are around 1.30 m. After produced by the worms, the manure will be cut from the bottom with 
the knife placed 10 to 15 cm high and poured on the conveyor band. The knife will repeat this process a few times. 
Then, the manure will be collected in one section of the machine when the conveyor band is operated. An electric 
motor with a capacity of 2.2 kWh is required for operating the knife and 1 kWh is required for operating the 
conveyor band.   

 
Figure 1. Vermicompost production facility 1. Control Panel 2. Double bladed harvesting knife 3. Conveyor 

band 4. Electric motor operating the knife 5. Electric motor operating the conveyor band 

2.2. Drying vermicompost  

Water content of the vermicompost produced at the production facility is around 80 %. According to the 
vermicompost regulation, the maximum level of moisture content in fertilizer must be 35 %. Thus, the fertilizer 
will be dried. Purpose of drying process is to reduce the product moisture content down to the allowed level as 
soon as possible and by consuming minimum energy however the product quality should not be impaired in any  
way (PROaWoÕ and Tarhan, 2009). Another purpose of the drying process is to reduce the product volume and thus 
increase operational efficiency for transportation and storage of the fertilizer (Güngör et al., 2014). 

Fertilizer can be dried under natural and controlled conditions. Drying fertilizer under natural conditions might 
expose the fertilizer to environmental conditions that change continuously and this might have negative impact on 
product quality. Drying fertilizer under controlled conditions shortens the drying time and improves product 
quality as well as other properties (Kara et al., 2014). 

2.3. Vermicompost production facility and photovoltaic battery design 

Our country has many advantages in terms of solar energy. In our country, insolation times are different each 
season. The duration will be 5 hours, in average, during winter but around 7 hours in autumn and spring and around 
11 hours during summer (Anonymous, 2019a). 

It is concluded that average insolation time in Turkey is 2628 hours per year (7.2 hours per day in average) and 
average total radiation capacity is 1311 kWh m-2 year-1 (3.6 kWh m-2 per day in average) (Küsek et al., 2016). 
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Radiation capacity in the location of this study, namely in TekiUda÷ province, this is about 1281.2 kWh m-2 year-1 
(3.51 kWh m-2 day-1) and this value is very close to the average radiation capacity in Turkey (Yüksel and Yüksel-
T�UkbR\OaUÕ, 2018). 

If the location of vermicompost production does not have electricity, if there are blackouts or if the 
establishment intends to lower operation costs, solar panels might be used to generate electricity. Consequently, 
use of solar energy systems in agricultural production facilities and amount of electricity generated increase 
(Yüksel and Yüksel-T�UkbR\OaUÕ, 2018). 

A solar panel is a photovoltaic tool that has solar cells and that directly converts sunrays into electric current. 
Photovoltaic cells might be organic and inorganic based. Generally, inorganic based photovoltaic cells are used 
more commonly because they have output around 15 to 20 % and they are highly efficient (GUनW]eO, 2009). 

Depending on the application, in photovoltaic cell systems, there are photovoltaic cells have photovoltaic (solar 
cell) battery group, battery charging regulator, inverter and auxiliary electronic circuits (Anonymous, 2019a; 
K|UR÷OX et al., 2010). In this system, a predetermined number of photovoltaic cells are used as source of energy. 
In case of overcast weather or insufficient sunrays, the batteries shall provide energy to the system. This system 
generally uses GEL (gelled electrolyte sealed lead acid) batteries. Maximum 70 % of the stored energy must be 
used in order to prevent battery malfunctions in the short run. Charge regulator is used for preventing overcharge 
or discharge of the batteries. Depending on the battery condition, it interrupts the current coming from the solar 
panels or current of the system providing the load. If the system will use 220 V and 50 Hz alternating current or 
current is to be provided to mains supply, the system must have an inverter (K|UR÷OX et al., 2010). A 15.9-meter 
long vermicompost production system with a height and width of 1.3-meter produces 3 to 3.5 tons of manure per 
month. The moisture content of the product is 80 % but it must be dries and the moisture content must be reduced 
down to 35 %. When this product is dried, the product weight shall be between 1.2 and 1.4 tons.   

3. Results and Discussion 

3.1. Energy demand of system 

Electricity need of each production unit in the vermicompost production facility is for 2.2 kWh electric motor 
used for cutting the fertilizer with a knife. Also, a 1.1 kWh electric motor is used for pouring the fertilizer onto the 
conveyor after cutting and for collecting the fertilizer from conveyor. Location of vermicompost production 
facilities must be illuminated with dim light. Two or three 10 W LED bulbs will be sufficient for this lighting. The 
location of vermicompost production facility must be illuminated at all times. In dark places, the worms move on 
top of the organic substance and the worms dry and die there. Thus, the production facility must have electricity 
at all times.  

The drying process should not be performed under natural conditions and outdoors. The drying environment 
must be ventilated for drying the product under controlled conditions and indoors.  

The facility to be established will be economical if 3 or 4 production machines are used. For drying the products 
under controlled conditions, an indoor space of 150 to 200 m2 is required. Greenhouse cultivation structures might 
be used in greenhouses for this purpose. Drying can be done in a shorter time by heating the greenhouse soil with 
a different method such as using solar collectors (Yüksel-T�UkbR\OaUÕ, 2018). 

Ventilation need might be calculated according to the base area of the facility. Accordingly, the ventilation 
need per 1 m2 of base area is 0.033-0.042 m3 s-1 or 120-150 m3 h-1 (Anonymous, 1993; Yüksel and Yüksel, 2012). 
Considering the base area, ventilation need in a 150 m2 drying facility will vary between: 

 
150 ൈ 120 ൌ 18000𝑚3ℎି1 or 150 ൈ 150 ൌ 22500𝑚3ℎି1              Eq. (1) 
 
Average value is around 20250 m3h-1 (Eq.1). 

The number of mono-phase, 1300 rpm (dd-1), 0.55 kWh aspirator with 60 cm diameter to be used for ensuring 
air exchange of 9500 m3h-1 might be calculated as follows. The system needs:  
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20250 9500 ൌ 2.1𝑝𝑐𝑠⁄         Eq. (2) 
 
In order words, the number of aspirators needed is approximately 2 (Eq.2).  

3.2. Energy demand of vermicompost system 

2.2 ൅ 0.55 ൈ 2 ൅ 0.01 ൈ 3 ൌ 3.23𝑘𝑊ℎ     Eq. (3) 
 
For efficiently operating this system, a solar panel system that is greater than the demand calculated, namely 

greater than 3.23 kWh, such as 4 kWh because panels can reach their optimum powers only under the optimum 
conditions (Eq.3). Sufficient amount of energy cannot be generated with the system due to reasons such as dirty 
panel glasses, adverse weather conditions such as cloudiness and rain, indirect sunrays in the morning and evening 
and losses (Anonymous, 2019b) This is why an energy system greater than the energy demand must be preferred. 
Energy remaining from the system can be stored in batteries and used later. Furthermore, remaining energy might 
be used for covering other needs of the vermicompost facility and this will reduce energy costs of the facility.   

4. Conclusions 

Excessive use of agro-chemicals in agriculture over an extended period of time caused some environmental 
issues and health concerns. Therefore, vermicompost (worm) manure might have a key position among organic-
based alternative products that might improve sustainable and organic agriculture models and replace chemical 
fertilizers as well as pesticides. It is concluded that worms have the capacity transform organic waste and residues 
into a high quality and valuable product within a short period of time.   

In Turkey, solar panels might be used in every region to supply sufficient electric power. Vermicompost 
facilities established for this purpose must be lighted at all times and this shows that use of solar panel system will 
be suitable for production. A material portion of electricity demand in the production facility can be supplied with 
green energy and fertilizer production will be more cost effective. 
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